The presence of two types of carotid sinus baroreceptors, as characterized by two different stimulusresponse curves in an earlier study, suggests that each type may play a different role in the regulation of blood pressure. The discontinuous hyperbolic curve of the type I baroreceptors, marked by higher firing rates and greater sensitivity than the sigmoidal curve of type H baroreceptors, suggests that these baroreceptors would contribute more to the buffering of arterial pressure changes than the "tonically" active type II baroreceptors, which fired over greater pressure ranges and generally had spontaneous subthreshold discharge. The firing characteristics of type II baroreceptors suggest that these receptors would contribute more to regulation of tonic, baseline levels of arterial pressure. If this functional differentiation exists, the acute resetting characteristics of the two types of baroreceptors could be different. Resetting is defined as a shift in the response curve of a baroreceptor, marked by shifts in pressure threshold, in the same direction as the change in pressure to which it is exposed. Type I baroreceptors would be more likely to reset in response to a sustained acute change in pressure, since their primary role would be to prevent the initial change in pressure. However, type II baroreceptors would not reset to the acute change in pressure, since their primary role would be to maintain consistent information on the level of existing pressure. Therefore, this study was performed to examine the acute resetting ability of both types of baroreceptors by using a vascularly isolated carotid sinus preparation in the dog. Single-fiber type I and II baroreceptor recordings were obtained during slow ramp changes in sinus pressure after pulsatile conditioning at mean pressures of 50, 100, and 150 mm Hg for 15-25 minutes. Seven type I baroreceptors were also conditioned using nonpulsatile mean pressures of the same values. Firing characteristics, including pressure threshold, were determined using nonlinear regression and best-fit analysis. Type I, but not type II, baroreceptors were found to reset to acute changes in pressures. There was no significant difference in resetting of type I baroreceptors in response to pulsatile versus nonpulsatile conditioning pressures. These results indicate that the resetting abilities of the two types of baroreceptors are different and suggest the possibility of functionally different roles for each in the regulation of the cardiovascular system. (Circulation Research 1992;70:559-565) KEY WoRDs arterial baroreceptors * baroreceptor reflex * acute resetting T he ability of the arterial baroreceptors to acutely reset to short-term changes in pressure has been documented by many investigators.1-8 Resetting has been defined as the parallel shift of the baroreceptor stimulus-response curve in the direction of the change in pressure to which the baroreceptor has been exposed (conditioning pressure [CP]).3 As currently accepted, acute resetting is generally defined as the response of baroreceptors 5-30 minutes after a change in CP. The mechanism(s) responsible for this rapid response is not known but may be different from those responsible for the chronic resetting seen in animals made hypotensive or hypertensive for days to weeks. Although the mechanism(s) of acute resetting has not been established, some evidence indicates roles for both baroreceptor properties5,6'9-12 and mechanical
has not been established, some evidence indicates roles for both baroreceptor properties5,6'9-12 and mechanical effects of the sinus wall.14 The majority of previous studies have examined the resetting ability of baroreceptors with fast conducting, myelinated (A-fiber) axons, without determining the resetting ability of baroreceptors with slower conducting unmyelinated (C-fiber) axons. The evidence that does exist for the resetting ability of C-fiber baroreceptors is conflicting, with one study suggesting that C-fiber receptors acutely reset more than A-fiber baroreceptors,"3 while two other reports indicate that C-fiber baroreceptors do not reset at all to acute pressure changes.14"5 The importance of acute baroreceptor resetting has not been clearly defined, because there is conflicting evidence as to whether the baroreflex as a whole will acutely reset. Some studies have shown that reflex control of sympathetic efferent nerve activity will reset within the same time frame as receptor resetting16-20; however, other studies have not found acute resetting of the reflex within the short time allotted to acute resetting. 21 In a previous study, we have identified two functionally different types of carotid baroreceptors, based on their responses to slow ramp increases in carotid sinus pressure (CSP).22 As seen by the neurograph in Figure 1, 
Materials and Methods
Acute resetting of the baroreceptors has been defined as a shift in the baroreceptor stimulus-response curve shown that pulsatile CPs do not prevent acute resetting in these receptors.128'30 Therefore, the effects of using pulsatile versus nonpulsatile CPs were examined for seven type I baroreceptors in this study. Following the acute resetting protocol and using pulsatile conditioning as described above, we added a Windkessel to the perfusion circuit to eliminate pulsations from the CP. The protocol was repeated for all three mean CPs, with the response curves determined using the slow ramp pressure changes as described above. To ensure that order was not an important factor, for three of the seven baroreceptors, static CPs were used before pulsatile pressures.
Individual action potentials were displayed on a storage oscilloscope, and only recordings with an identical action potential at all pressures were considered single-fiber recordings and analyzed for this study. In our experience, careful dissection produces single Aand C-fiber recordings with signal-to-noise ratios that allow discrimination of an individual action potential. For analysis of the single-fiber baroreceptor afferent nerve activity, tape-recorded raw activity was processed using a window discriminator that generated a voltage pulse for each spike. The Figure 3 , in which the averaged data for changes in firing characteristics of all type I and type II baroreceptors studied (Table 1) were used to create best-fit curves. This figure demonstrates the right and left shifts (resetting) of the hyperbolic response curve for type I baroreceptors, accompanied by a decrease in sensitivity (slope) at the lowest pressure. The decrease in slope produced a greater separation of the curves at lower CSPs. In addition, the percent of resetting of Pth (APth/ACP) was greater for changes in CP from 50 to 100 mm Hg (15.2%) than from 100 to 150 mm Hg (12.4%), resulting in somewhat closer curves for the two higher CPs. As shown in previous studies, the lower discharge frequencies and sensitivities of type II baroreceptors typically result in function curves that lie below the average discharge curves of the type I baroreceptors.22,32 The average Pth for type II baroreceptors was found to be greater than the Pth for type I receptors (Table 1) , and the type II curves are characterized by the presence of spontaneous (subthreshold) discharge. The presence of spontaneous discharge and the low rate of discharge of type II baroreceptors, both of which could appear to make determination of Pth difficult, might lead to a possible type II statistical error, that is, accept that type II baroreceptors do not reset when there in fact may be a change in Pth. To ensure that this error was not significant, ,B (the percent probability of a type II error) was determined33 for the differences found in Plh for type II 34 The effects of pulsatile versus nonpulsatile CP on type I baroreceptors are shown in Table 2 . As indicated, there were no significant differences between the firing characteristics at each CP with pulsatile versus nonpulsatile CP. However, there were nonsignificant trends following nonpulsatile pressure for the Pth and Pa, to be higher and lower, respectively, than the Pth and P., following pulsatile conditioning at each CP. As seen in the above study, the percent resetting was greater for changes in CP between 50 and 100 mm Hg (27.8% pulsatile, 28.4% nonpulsatile) than for changes between 100 and 150 mm Hg (13.8% pulsatile, 14.0% nonpulsatile).
Discussion
Acute resetting was found to occur within 25 minutes of a pressure change for type I, but not type II, baroreceptors. No resetting changes in the response curves of type II baroreceptors were found in this study. These results complement the findings of Shultz et al, '14 15who reported no resetting in C-fiber baroreceptors, most of which would be type II baroreceptors in the present study. However, these results disagree with the findings of Yao and Thoren,13 who found a greater degree of acute resetting in C-fiber versus A-fiber baroreceptors. The last study included data from only three C-fiber baroreceptors and may have been representative of the few C-fiber baroreceptors that have a type I discharge pattern. Accompanying the changes in Pth of the type I baroreceptors was a decrease in slope at the lowest CP and an increase in Fth at the highest CP, responses not usually attributed to the resetting process. The reasons for these changes in firing characteristics are not known. However, the trend for a decrease in slope, or sensitivity, at the lower CP was also observed in an earlier study,7 although the response there was limited to a few fibers.
The percent of resetting seen for type I baroreceptors falls within the range reported by earlier studies for A-fiber baroreceptors,3 although it is somewhat less than that seen in most studies. The present study also found a trend for a greater degree of resetting for changes in CP between 50 and 100 mm Hg than for changes in CP between 100 and 150 mm Hg. Dorward et a12 and Heesch et al also found smaller percent changes in Pth at higher versus lower CP. Part of this difference in degree of resetting may be due to the shape of the hyperbolic type I response curve. If the resetting is occurring over pressure ranges in which small changes in pressure produce relatively large changes in baroreceptor activity (lower CSP) versus ranges in which the same change in pressure produces smaller changes in baroreceptor activity (higher CSP), the ability of the baroreceptor to reset may be similarly altered. That is, the mechanisms that determine Fh and Fsat may also be involved in the resetting process, thereby limiting the ability of the baroreceptor to alter discharge within a given range of pressure or distension. These limitations may be related to receptor properties, such as the number of stretch-activated ionic channels in the baroreceptor itself, or to vessel mechanical properties, such as the amount of vessel wall distortion produced within a given diameter range. The extent of acute baroreceptor resetting also may be species dependent, although comparable percentages of resetting have been observed for rats,'78 rabbits,2 and dogs.14 '5 As suggested above, the mechanism(s) responsible for resetting is not known, with evidence suggesting that both changes in wall properties in response to changes One study does suggest that C-fiber baroreceptors reset less to chronic changes in pressure, 24 offering evidence that they could be more aptly suited to regulation of baseline levels of pressure than the resetting A-fiber baroreceptors. This led investigators to propose that C-fiber baroreceptors may play a primary role in the regulation of mean pressure,40 although the presence of high Pth implied that they may be most important as "antihypertensive" regulators.40 42 Again, the above studies used a different classification system to separate baroreceptors based on anatomic, and not functional, criteria. However, the fact that most C-fiber baroreceptors have type II response curves allows the extension of these findings to the present study.
